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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention generally relates to a re- 
transmission control method in a multicast service pro- 
viding system. More particularly the present invention 
is concerned with a method of retransmitting multicast 
information when multicast information has not been du- 
ly received by a radio terminal in a multicast service pro- 
viding system multicast information from an information 
delivery apparatus is delivered to radio terminals via ra- 
dio sections. 

[0002] The present invention also relates to an infor- 
mation delivery apparatus and a radio terminal that per- 
form processing in accordance with the above retrans- 
mission control method. 

2. Description of the Related Art 

[0003] Recently, the IP (Internet Protocol) network 
has come into wide spread as a backbone network in 
an access system. IGMP (Internet Group Management 
Protocol) is known as a protocol of multicast service that 
can be implemented on the IP network. The IGMP de- 
fines a process for determining whether a router sends 
multicast information to a sub-network in order to avoid 
congestion of communications in the network. 
[0004] The ways of providing reliable multicast serv- 
ice have been studied in order to improve the reliability 
of multicast service. The ways of providing reliable mul- 
ticast service can be defined as an end-to-end retrans- 
mission control used in a layer higher than the IP layer, 
namely, the transport layer. Principally, multicast is ca- 
pable of delivering information to an innumerable 
number of terminals. If part of the multicast information, 
more particularly, one of packets that form information 
is lost in delivery to the innumerable number terminals, 
these terminals will send a control signal for retransmis- 
sion control. This would result in congestion of commu- 
nications. Therefore, one of the major technical issues 
about reliable multicast service is to avoid occurrence 
of congestion caused by control information such as a 
signal that requests retransmission. 
[0005] Underthe above-mentioned circumstance, the 
multicast service providing system has been required to 
have improvements as to how a router collects retrans- 
mission requests in the sub-network and sends collect- 
ed requests to an upper network. However, in practice, 
an end server in multicast handles retransmission, and 
the router does not restrict end terminals in the sub-net- 
work to send requests for retransmission. The router 
has an important role of transferring information to an 
upper network without overlapping of information and 
transferring retransmission information from the upper 
network to the sub-network without overlapping of re- 



transmission information. 

[0006] In a case where radio communications are ap- 
plied to the access system, retransmission control in 
multicast service in a radio section has not been con- 

5 sidered because of expected degradation of efficiency 
of use of radio resources and complexity in control. If 
the way of reliable multicasting is applied to the radio 
section, control signals involved in retransmission re- 
quest sent by radio terminals will be restricted. Other- 

10 wise, the radio section would be congested. This will be 
described immediately below in more detail. 
[0007] In the normal communication procedure, a re- 
transmission control is performed between a radio base 
station BS and a mobile station (radio terminal) MS, as 

15 shown in Fig. 1. The base station BS serially sends 
packets with a sequence number SN (Sequence 
Number) added thereto to the mobile station MS. The 
mobile station MS supervises the sequence number of 
a packet received. If the mobile station MS detects loss 

20 of a received packet, the mobile station MS immediately 
sends a retransmission request (NACK) to the base sta- 
tion BS together with the sequence number SN of the 
lost packet. 

[0008] If the above retransmission control procedure 
25 is applied to the multicast service providing system, re- 
transmission control will be performed as follows. 
[0009] Referring to Fig. 2, it is assumed that mobile 
stations A through E among mobile stations A through 
J that exist in a service area Es receive multicast infor- 
30 mation that a base station BS broadcasts. In this as- 
sumption, retransmission control is performed as shown 
in Fig. 3. 

[0010] Referring to Fig. 3, the radio station BS serially 
sends multicast information as a packet with the se- 

35 quence number SN added. The packet assigned SN=1 
is duly received by mobile stations A, B, C and D, while 
it is not normally received by the base station E. In this 
case, the mobile station E sends a retransmission re- 
quest (NACK1) to the base station BS. The packet as- 

40 signed SN=2 is duly received by all the mobile stations 
A through E. 

[001 1 ] The packet of SN=3 is not duly received by the 
mobile stations A through E at all. Thus, the mobile sta- 
tions A through E send retransmission requests 

45 (NACK3) to the base station BS. If the base station BS 
receives the retransmission request from only one mo- 
bile station, the base station BS will broadcast the pack- 
et requested to the service area. However, in practice, 
each of all the mobile stations A through E sends the 

50 respective retransmission request to the base station 
BS. The same situation as described above occurs for 
SN=6 and SN=7. 

[001 2] As described above, the conventional retrans- 
mission control allows each mobile station that fails to 
55 duly receive a packet to independently send the retrans- 
mission request to the base station. This results in in- 
crease in traffic load because of many retransmission 
requests. 
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SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to pro- 
vide a retransmission control method applicable to a 
multicast service providing system in which congestion 
in a radio section can be reduced. 
[0014] Another object of the present invention is to 
provide an information delivery apparatus that performs 
processing in accordance with the above retransmis- 
sion control method. 

[0015] A further object of the present invention is to 
provide a radio terminal that performs processing in ac- 
cordance with the above-mentioned retransmission 
control method. 

[001 6] The above objects of the present invention are 
achieved by a retransmission control method in a mul- 
ticast service providing system in which an information 
delivery apparatus delivers multicast information to ra- 
dio terminals within a service area of the information de- 
livery apparatus, the method comprising: (a) determin- 
ing at least one radio terminal permitted to be placed in 
retransmission control; and (b) delivering, when a re- 
quest for retransmission concerning the multicast infor- 
mation sent by the above-mentioned at least one radio 
terminal is received by the information delivery appara- 
tus, the multicast information to the radio terminals with- 
in the service area. According to one aspect of the 
present invention, only one or more radio terminals are 
permitted to send a request for retransmission of multi- 
cast information. Thus, congestion that may occur in the 
radio section can be reduced. 

[0017] According to one aspect, only one or more ra- 
dio terminals are permitted to send a request for retrans- 
mission of multicast information, and other radio termi- 
nals are not permitted to send a request for retransmis- 
sion of multicast information. Therefore, it is preferable 
one or more radio terminals that are placed in retrans- 
mission control has a high correlation with the radio ter- 
minals that are not permitted in terms of reception error. 
[001 8] According to another aspect of the present in- 
vention, at least one radio terminal to be placed in re- 
transmission control may be determined at the informa- 
tion delivery apparatus or at each radio terminal in which 
it is determined whether its own terminal is permitted to 
be placed in retransmission control. 
[0019] According to yet another aspect of the present 
invention, the step (a) may determine a plurality of radio 
terminals to be placed in retransmission control. This 
contributes to improving the quality of received multicast 
information at much more radio terminals. 
[0020] In the above case, it is preferable that the plu- 
rality of radio terminals has as low correlation with each 
other as possible in order to ensure the quality of recep- 
tion at other radio terminals within the service area. 
[0021] The retransmission control method may be 
configured so that the step (a) comprises a step of 
grouping radio terminals in the service area on the basis 
of unique information assigned to the radio terminals; 



and the step (a) determines at least one radio terminal 
on the basis of grouping radio terminals. 
[0022] The retransmission control method may be 
configured so that the step (a) determines at least one 
5 radio terminal on the basis of a quality of communica- 
tions between the information delivery apparatus and 
each of the radio terminals. 

[0023] The retransmission control method may be 
configured so that the step (a) determines at least one 

10 radio terminal on the basis of distances between the in- 
formation delivery apparatus and the radio terminals. 
[0024] The retransmission control method may be 
configured so that the step (a) determines at least one 
radio terminal on the basis of directions of the radio ter- 

15 minals from the information delivery apparatus. 

[0025] The retransmission control method may be 
configured so that the step (a) determines at least one 
radio terminal on the basis of moving speeds of the radio 
terminals. 

20 [0026] According to a further aspect of the present in- 
vention, the retransmission control method may be con- 
figured so as to further include a step of changing said 
at least one radio terminal to another radio terminal on 
the basis of status of retransmission requests. The sta- 
25 tus of retransmission requests may indicate how re- 
transmission requests have been issued by radio termi- 
nals that are placed in retransmission control, and may 
include information describing what information is re- 
quested to be retransmitted by each radio terminal. Ac- 
30 cording to this aspect, if there are mobile terminals that 
have similar status of retransmission requests, some of 
these radio terminals may be replaced by other radio 
terminals. Such a replacement may be performed when 
the radio terminal terminates reception of the multicast 
35 information. 

[0027] According to the present invention, there is al- 
so provided an information delivery apparatus delivering 
multicast information to radio terminals located within a 
service area via a radio section, said comprising: a first 
40 unit determining at least one radio terminal permitted to 
be placed in retransmission control; and a second unit 
delivering, when a request for retransmitting the multi- 
cast information sent by the above-mentioned at least 
one radio terminal is received, the multicast information 
45 to the radio terminals within the service area. 

[0028] According to the present invention, there is al- 
so provided a radio terminal receiving multicast informa- 
tion from an information delivery apparatus via a radio 
section, the radio terminal comprising: a first unit deter- 
50 mining whether its own terminal is placed in retransmis- 
sion control; and a second unit requesting retransmis- 
sion concerning the multicast information which has not 
been duly received in a case whether the first unit de- 
termines its own terminal to be placed in retransmission 
55 control. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a sequence diagram of a transmission pro- 
cedure of a retransmission request for information 
(packet) between a base station and a mobile sta- 
tion in a general communication sequence; 
Fig. 2 is a diagram of mobile terminals that receive 
multicast information delivery service within a serv- 
ice area of a base station; 

Fig. 3 is a sequence diagram of a transmission pro- 
cedure of a retransmission request for multicast in- 
formation in accordance with a conventional re- 
transmission control method; 
Fig. 4 is a block diagram of a multicast service pro- 
viding system to which a retransmission control 
method according to an embodiment of the present 
invention is applied; 

Fig. 5 is a block diagram of a configuration of a base 
station used in the system shown in Fig. 4; 
Fig. 6 is a sequence diagram of a multicast informa- 
tion transmission procedure and a retransmission 
request sending procedure which procedures are 
performed between the base station and each mo- 
bile station: 

Fig. 7 is a diagram illustrating a first way of deter- 
mining mobile stations to be placed in retransmis- 
sion control; 

Fig. 8 is a diagram illustrating a second way of de- 
termining mobile stations to be placed in retrans- 
mission control; 

Fig. 9 is a diagram illustrating a third way of deter- 
mining mobile stations to be placed in retransmis- 
sion control: 

Fig. 1 0 is a diagram illustrating a fourth way of de- 
termining mobile stations to be placed in retrans- 
mission control; 

Fig. 11 is a diagram illustrating a fifth way of deter- 
mining mobile stations to be placed in retransmis- 
sion control; 

Fig. 1 2 is a diagram of change of mobile stations to 
be placed in retransmission control; 
Fig. 13 is a diagram of a management table used 
for managing status of retransmission requests 
sent from mobile stations; 

Fig. 1 4 is a diagram of change of mobile stations to 
be placed in retransmission control; and 
Fig. 1 5 is a block diagram of a configuration of mo- 
bile station. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Fig. 4 illustrates a multicast service providing 



system that employs a retransmission control method 
according to an embodiment of the present invention. 
[0031] Referring to Fig. 4, a radio base station 20, 
which acts as an information delivery apparatus, broad- 
5 casts information A supplied over an IP network or the 
like to a service area Es. Mobile stations MS, that are 
ratio terminals, are located in the service area ES, and 
can receive multicast information A from the base sta- 
tion 20. 

10 [0032] The base station 20 is configured as shown in 
Fig. 5. The radio station 20 includes a transmitter/receiv- 
er 21 , a multicast information memory unit 22, a network 
control unit 23, an information delivery control unit 24, 
and a retransmission-permitted-terminal determining 

15 unit 25, which acts as a first unit of the information de- 
livery apparatus. The multicast information memory unit 
22 stores multicast information that is received by the 
network control unit 23 over a network and is to be de- 
livered. 

20 [0033] The information delivery control unit 24, which 
acts as a second unit of the information delivery appa- 
ratus, performs a control which broadcasts the multicast 
information stored in the multicast information memory 
unit 22 to the service area Es through the transmitter/ 

25 receiver 21 .The information delivery control unit 24 per- 
forms a control to retransmit multicast information upon 
request for retransmission from the mobile stations 10. 
The retransmission-permitted-terminal determining unit 
25 determines, from among the mobile stations 10 lo- 

30 cated in the service area Es, mobile stations to which 
multicast information can be retransmitted. The above 
control to retransmission is executed in accordance with 
a method that will be described later. When a retrans- 
mission request is received by a mobile station that is 

35 one of the mobile stations determined by the retrans- 
mission-permitted-terminal determining unit 25, the in- 
formation delivery control unit 24 performs a control to 
retransmit multicast information. 

[0034] A retransmission control as shown in Fig. 6 is 

40 performed in the above-mentioned multicast service de- 
livery system. Fig. 6 assumes that given multicast infor- 
mation is delivered to mobile stations A, B, C. D and E 
from base station BS, as in the case of Fig. 3. 
[0035] First, the base station BS communicates with 

45 all the mobile stations located within its own service area 
Es. The transmission-permitted-terminal determining 
unit 25 determines mobile terminals to which multicast 
information, can be retransmitted in accordance with a 
given standard. Then, the base station BS notifies the 

50 retransmission-permitted mobile stations of permission 
of retransmission. It is now assumed that only mobile 
stations Band D among mobile stations A through E are 
determined as terminals to which multicast information 
can be transmitted. 

55 [0036] After determining the retransmission-permit- 
ted mobile stations, the base station BS broadcast pack- 
ets of multicast information stored in the multicast infor- 
mation memory unit 22 to the service area Es under the 
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control of the information delivery control unit 24. Then, 
the retransmission control is performed in accordance 
with the sequence shown in Fig. 6. 
[0037] Packet of SN=1 is duly received by the mobile 
stations A, B, C and D, while not duly received by the 
mobile station E. In this case, the mobile station E is 
placed out of the retransmission control. Thus, the mo- 
bile station E does not send a retransmission request to 
the base station BS. The mobile stations B and D, which 
are placed in the retransmission control, duly receive the 
packet of SN=1 , and do not send the retransmission re- 
quests. Hence, the packet of SN=1 is lost in the mobile 
station E. 

[0038] Packet of SN=2 is duly received by all the mo- 
bile stations A ; B, C, D and E, and packet of SN=3 are 
not duly received by the mobile stations A through E at 
all. In this case, only the mobile stations B and D that 
are placed in the retransmission control send a retrans- 
mission request (NACK3) to the base station BS. Then, 
the base station BS retransmits the packet of SN=3 of 
the multicast information stored in the multicast informa- 
tion memory unit 22 underthe control of the information 
delivery control unit 24. This makes it possible for the 
mobile stations B and D that have issued the retrans- 
mission requests to receive the outstanding packet of 
SN=3 and for the remaining mobile stations A, C and E 
that have not issued retransmission requests to receive 
the packet of SN=3. Thus, all the mobile stations A 
through E can duly receive the packet of SN=3. 
[0039] Packet of SN=4 is duly received by the mobile 
stations A, B and C, whereas not duly received by the 
mobile stations D and E. In this case, only the mobile 
station D that is placed in the retransmission control 
sends a retransmission request (NACK4) to the base 
station BS. Upon receiving the above request, the base 
station BS retransmits the packet of SN=4. Thus, not 
only the mobile station D that has issued the retransmis- 
sion request but also the mobile station E that has not 
requested retransmission are now capable of receiving 
the packet of SN=4. 

[0040] Packets of SN=6 and SN=7 are not duly re- 
ceived by all the mobile stations A through E, as in the 
case of SN=3. However, the packets of SN=6 and SN=7 
are retransmitted upon requests for retransmission from 
the mobile stations B and D. Packet of SN=8 is duly re- 
ceived by the mobile stations A and B, but is not received 
by the mobile stations C, D and E. In this case, the mo- 
bile station D that is the subject for the retransmission 
control sends a request for retransmission (NACK8) to 
the base station BS. Then, the mobile station E that has 
not requested retransmission as well as the mobile sta- 
tion D that has requested retransmission can receive the 
packet of SN=8 that is retransmitted by the base station 
BS upon request from the mobile station D. 
[0041] According to the above-mentioned retransmis- 
sion control, even if the mobile station A has failed to 
receive packets of SN=3, SN=6, and SN=7 and has not 
requested retransmission at all, the mobile station A will 



be able to receive all the missing packets. Similarly 
even if the mobile station C has failed to receive packets 
of SN=3 : SN=6, SN=7 and SN=8 and has not requested 
retransmission at all, the mobile station C will be able to 

5 receive all the missing packets. Similarly, even if the mo- 
bile station E has failed to receive packets of SN=1 , 
SN=3, SN=6, SN=7 and SN=8 and has not requested 
retransmission, the mobile station E will be able to re- 
ceive all the missing packets. 

10 [0042] According to the present embodiments, some 
mobile stations (in other words, a limited number of mo- 
bile stations) are predetermined to be placed in the re- 
transmission control. If any one of the predetermined 
mobile stations fail to duly receive a packet, the retrans- 

15 mission control is sent to the base station. Hence, the 
base station BS receives a reduced number of requests 
for retransmission. A mobile station which has a high 
correlation with the mobile stations placed in the retrans- 
mission control will probably receive packets without re- 

20 transmission requests. This would result in slight deg- 
radation of the quality of received multicast information 
at mobile stations. 

[0043] The base station BS receives a plurality of re- 
transmission requests forthe same single packet. In this 
25 case, the base station BS may retransmit multicast in- 
formation in response to the retransmission request that 
is received first, and may neglect subsequent requests 
for retransmission. In other words ; the base station BS 
considers a plurality of mobile stations as a single sub- 
30 ject for control. The retransmission request may be sent 
a plurality of number of times in order to ensure more 
reliable service. In this case, a control message for re- 
transmission request may include information that indi- 
cates how many times the retransmission request has 
35 repetitively been sent (the number of times of retrans- 
mission). In this case, a control message that has the 
same SN and the same number of times of retransmis- 
sion is neglected, so that the retransmission control of 
the base station can be more simplified. 
40 [0044] In the retransmission control havingthe above- 
mentioned procedure, it is very important to determine 
which mobile stations should be placed in the retrans- 
mission control because this will greatly affect the qual- 
ity of received multicast information in each mobile sta- 
45 tion. Generally, the higher the correlation between re- 
ception error at mobile stations which are placed in the 
retransmission control and reception error at mobile sta- 
tions which are placed out of the retransmission control, 
the greater the effects of the above retransmission con- 
50 trol. Further, the lower the correlation of reception error 
among mobile stations that are placed in the retransmis- 
sion control, the greater the effects of the retransmission 
control. With the above in mind, the retransmission-per- 
mitted terminal determining unit 25 of the base station 
55 BS determines mobile stations that are placed in re- 
transmission control in the following manner. 
[0045] The first way of determining mobile stations to 
be placed in retransmission control is to group mobile 
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stations. 

[0046] Generally, each of the mobile stations is as- 
signed a unique identifier, which is, for example, a 
unique telephone number a unique MAC address and 
a unique ID. The mobile stations are grouped by using 
the unique identifiers. For example, the subject for the 
retransmission control is a mobile station having an 
identifier that satisfies a condition that, when the present 
identifier is divided by ten : the remainder is equal to 3. 
In this case, as shown in Fig. 7, among mobile stations 
A through J located in the service area Es of the base 
station BS, mobile stations A, G, H, E and I that are 
grouped by the above condition based on the identifier 
are determined to be placed in the retransmission con- 
trol. This makes it possible to determine mobile stations 
that are located at random within the service area Es to 
be placed in the retransmission control. 
[0047] By using a smaller number (a number smaller 
than 1 0) by which the identifier is divided, it is possible 
to determine a larger number of mobile stations to be 
placed in the retransmission control. In this manner the 
number of mobile stations that should be placed in the 
retransmission control can be adjusted. 
[0048] The second way of determining mobile sta- 
tions to be placed in retransmission control uses the 
quality of communications with the base station BS. 
[0049] For example, as shown in Fig. 8, mobile sta- 
tions A through J located in the service area Es of the 
base station BS measure received power of a perch 
channel from the base station BS. Mobile stations A, B, 
C, D and E that measure received power levels lower 
than a given threshold level recognize their own stations 
to be permitted to issue a retransmission request (de- 
termined to be placed in the retransmission control). 
[0050] Alternatively the base station BS measures re- 
ceived levels of controls signals such as connection re- 
quests sent by the mobile stations at the time of making 
an initial connection. Then, the base station BS deter- 
mines mobile stations having received levels lower than 
a given threshold level to be placed in the retransmis- 
sion control. In this case, the base station BS notifies 
each of the mobile stations determined to be placed in 
the retransmission control that it is permitted to send a 
request for retransmission. Such a notification may be 
sent as broadcasting information using the perch chan- 
nel or may be sent by individually sending a related con- 
trol signal to each of the selected mobile stations. 
[0051] The use of received levels as a parameter that 
represents the quality of communications is based on a 
situation in which mobile stations related to relatively low 
received levels have a high packet error ratio and more 
frequently request retransmission than mobile stations 
related to relatively high received levels. There is a high 
possibility that a packet which results in reception error 
at mobile stations that relatively frequently request re- 
transmission may result in reception error at other mo- 
bile stations that ensure the quality of communications 
to some extent. Therefore, the quality of communica- 



tions can be improved by determining mobile stations 
that have a high error correlation with other mobile sta- 
tions to be placed in the retransmission control. 
[0052] Besides the received level, a packet error ratio 

5 or bit error ratio may be used as a parameter that rep- 
resents the quality of communications. 
[0053] The third way of determining mobile stations to 
be placed in retransmission control uses the distance 
between the base station BS and each mobile station. 

10 [0054] The distance between the base station and 
each mobile station is measured on the basis of the 
communication status therebetween. Mobile stations 
that are away from the base station BS over a given dis- 
tance are determined to be placed in retransmission 

15 control. This would result in almost the same effects as 
those brought by the retransmission control based on 
the quality of communications. 

[0055] Also, as shown in Fig. 9, a plurality of stepwise 
threshold levels that depend on distance are set, and 

20 mobile stations located in different distance ranges are 
determined to be placed in the retransmission control. 
Each of the different distance ranges is defined by one 
or two of the stepwise threshold levels. For instance, 
Fig. 9 shows mobile stations H, G and A that are respec- 
ts tively located in different distance ranges. The mobile 
station H is located within a range of 1 0 meters from the 
base station BS. The mobile station G is located within 
a range of 10 meters to 30 meters. The mobile station 
A is located within a range over 30 meters. 

30 [0056] It is expected that mobile terminals located in 
the different distance ranges with regard to the base sta- 
tion have a relatively small correlation in terms of packet 
error Hence, it is possible to improve the quality of re- 
ceived multicast information at the mobile stations A 

35 through H within the service area Es. 

[0057] The fourth method of determining mobile sta- 
tions to be placed in retransmission control uses the di- 
rections with respect to the base station BS in which mo- 
bile stations exist. 

40 [0058] For example, as shown in Fig. 10, assuming 
that the base station BS can detect mobile stations in 
four angular ranges D1 , D2, D3 and D4, the base station 
BS determines, for each of the angular ranges D1 
through D4, one of the mobile stations to be placed in 

45 the retransmission control. In the example of Fig. 10, 
mobile stations C, B, F and J respectively located in the 
angular ranges D1 , D2, D3 and D4 are respectively de- 
termined to be placed in the retransmission control. Two 
or more mobile stations can be selected for the retrans- 

50 mission control in each of the angular ranges D1 - D4. 
[0059] The base station BS is required to detect the 
directions of the mobile stations located in the service 
area Es. When the base station BS is equipped with a 
sector antenna, the base station BS can detect mobile 

55 stations on the sector basis. When the sector antenna 
has an increased number of sectors, only one mobile 
station can be selected from a plurality of sectors. When 
the base station BS is equipped with an adaptive array 
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antenna, the base station BS cannot recognize the 
physical directions of mobile stations, while the sector 
antenna can recognize the physical directions, Howev- 
er, it is possible to select, as the retransmission control 
subjects, mobile stations that have different patterns of 
weighting factors of an adjuster of the adaptive array an- 
tenna in communications. The mobile stations thus se- 
lected are located in logically different directions. 
[0060] There is a high possibility that the mobile sta- 
tions located in different directions from the base station 
BS may have different propagation environments and 
have a low correlation in terms of reception error. Thus, 
a large number of mobile stations would enjoy the ef- 
fects of retransmission of multicast information. 
[0061] The fifth way of determining mobile stations 
that should receive the retransmission control uses the 
moving speeds thereof. 

[0062] For example, as shown in Fig. 1 1 , the moving 
speeds of mobile stations A through J in the service area 
Es are measured on the basis of the communication sta- 
tus between the base station BS and each of the mobile 
stations A through J. Mobile stations C, F, H and J that 
have speeds lower than a given threshold level are de- 
termined to be placed in the retransmission control. 
[0063] When a mobile station move at a relatively high 
speed, the mobile station would stay in the service area 
Esforashorttime. If such a mobile station is determined 
to be placed in retransmission control, there will be an 
increased possibility that the mobile station subjected to 
the retransmission control may be out of the service ar- 
ea Es. In orderto avoid such a situation, mobile stations 
that move at relatively low speeds are selected as the 
subjects for the retransmission control. Thus, it is no 
longer necessary to often change the mobi le stations for 
retransmission control, so that the retransmission con- 
trol can be more simplified. 

[0064] The mobile stations that are placed in the re- 
transmission control are determined by any of the 
above-mentioned first through fifth ways. If mobile sta- 
tions do not enjoy the results of the retransmission con- 
trol that is executed to the selected mobile stations very 
well, it is preferable to change the mobile stations to be 
placed in the retransmission control as follows. 
[0065] As shown in part (a) of Fig. 12, it is assumed 
that only mobile stations A through D among mobile sta- 
tions A through J located in the service area Es of the 
base station BS are selected as mobile stations to be 
placed in the retransmission control. In this case, the 
information delivery control unit 24 of the base station 
BS acts as a fourth unit, and manages retransmission 
requests from the mobile stations that are placed in the 
retransmission control. For example, a management ta- 
ble shown in Fig. 13 is used to manage retransmission 
requests from the mobile stations A, B, C and D placed 
in the retransmission control. The management table 
shows that a request for retransmitting the packet of 
SN=2 has been received from mobile station D and re- 
quests for retransmission of the packet of SN=3 have 



been received from the mobile stations A, B and C. The 
management table shows that a request for retransmis- 
sion of the packet of SN=5 has been received from the 
mobile station C and requests for retransmitting the 
5 packet of SN=7 have been received from the mobile sta- 
tions A and B. 

[0066] The retransmission-permitted-terminal deter- 
mining unit 25 of the base station BS. which also acts 
as a terminal changing unit (third unit), changes one or 
more mobile stations on the basis of the status of the 
retransmission requests from the mobile stations man- 
aged by the information delivery control unit 24. 
[0067] A first situation in which requests for retrans- 
mission of an identical packet are made by a plurality of 
mobile stations can be considered to be the same as a 
second situation in which only one of these mobile sta- 
tions makes the request for retransmission because the 
requested packet is retransmitted in either case. If the 
first situation often occurs, the radio resources will be 
used wastefully. The first situation can be avoided by 
referring to the table in order to detect a situation in 
which a plurality of mobile stations have request retrans- 
mission of the identical packet a predetermined number 
of times or more. If such a situation is detected, only one 
of the plurality of mobile stations is left for retransmis- 
sion control, and the remaining mobile stations are re- 
placed by other mobile stations. 
[0068] For example, in the example shown in part (a) 
of Fig. 12 and Fig. 13, the mobile stations A and B re- 
quest retransmission of the packets of SN=3, SN=7 and 
SN=8. That is, each of the mobile stations A and B re- 
quests retransmission of the identical packets three 
times. In this case, the mobile station F is placed in the 
retransmission control instead of the mobile station A, 
as shown in part (b) of Fig. 12. The mobile station F is 
selected so that the correlation between reception error 
that may occur at the mobile station F and reception er- 
ror that may occur at the mobile station A can be re- 
duced as greatly as possible. Then, the base station BS 
notifies the mobile station A that it has been placed out 
of retransmission control, and notifies the mobile station 
F that it has been placed in transmission control. 
[0069] Thus, it is possible to efficiently utilize the radio 
resources and improve the quality of communications 
at mobile stations within the service area Es. 
[0070] In this case, for example, as shown in Fig. 14, 
immediately before handover ortermination of multicast 
reception, the mobile station A placed in the retransmis- 
sion control notifies the base station BS of the above. 
Upon receiving the above notification, the base station 
BS changes the mobile station placed in the retransmis- 
sion control from the mobile station A to the mobile sta- 
tion F. Then, the base station BS notifies the mobile sta- 
tion F that the mobile station F is now placed in retrans- 
mission control. It is preferable that the mobile station 
to be selected in the above-mentioned way has as high 
correlation with the mobile station to be replaced in 
terms of reception error as possible. 
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[0071] The above-mentioned examples is mainly de- 
signed so that the base station Bs determines mobile 
stations to be placed in the retransmission control, en- 
ables and notifies these mobile stations that they are 
now placed in the retransmission control. Alternatively, 
as previously described with regard to the second way 
of determining mobile stations to be placed in the re- 
transmission control, mobile stations may determine 
whether their own stations are placed in the retransmis- 
sion control in accordance with any of the aforemen- 
tioned procedures. 

[0072] The configuration of the base station 20 shown 
in Fig. 5 is directed to determining which mobile stations 
should be placed in the retransmission control on the 
side of the base station 20. Alternatively, each mobile 
station may be designed to determine whether its own 
station is placed in the retransmission control for itself. 
Such a mobile station may has a configuration as shown 
in Fig. 15. 

[0073] Referring to Fig. 1 5, the mobile station 1 0, that 
is a radio terminal, includes a transmitter/receiver 11 . a 
control unit 12, an output unit 13, a retransmission-re- 
quest-permitting decision making unit 14. and a retrans- 
mission request control unit 15. The transmitter/receiver 
communicates with the base station 20, and receives 
multicast information delivered by the base station 20. 
The control unit 12, which acts as a third unit of the radio 
terminal, controls the transmitter/receiver 11, and 
checks reception error that may be contained in the re- 
ceived multicast information. The output unit 13 ac- 
quires information received by the transmitter/receiver 
11 via the control unit 12, and can output the acquired 
information to an output device such as a display unit. 
The received information from the output unit 12 may 
be output to a personal computer or the like. 
[0074] The retransmission-request-permitting deci- 
sion making unit 1 4, which acts as a first unit of the radio 
terminal, determines whether its own station is permit- 
ted to be placed in the retransmission control on the ba- 
sis of the quality of the signal (received level, error ratio, 
the amount of interference or the like) sent by the base 
station 20 and received by the transmitter/receiver 11 . 
This determination may be performed by the aforemen- 
tioned second way. The decision making unit 14 may 
determine whether its own station is permitted to be 
placed in the retransmission control on the basis of a 
notification indicating that the mobile station has just 
been determined to be placed in the retransmission con- 
trol. 

[0075] The retransmission request control unit 15, 
which acts as a second part of the radio terminal, is en- 
abled only when it is determined, by the decision making 
unit 14, that its own station has been placed in the re- 
transmission control. Then, as has been described with 
reference to Fig. 6, the retransmission request control 
unit 1 5 instructs the transmitter/receiver 1 1 to send a re- 
transmission request signal (NACK) to the base station 
20 if loss of packet happens. 



[0076] If the retransmission request is sentto the base 
station 20 by the transmitter/receiver 11 , the requested 
packet will be retransmitted. The retransmitted packet 
is then received by the transmitter/receiver 11 and is 

5 used to correct the received multicast information . Then , 
the corrected multicast information is supplied to the 
output unit 13. If the retransmission-request-permitting 
decision making unit 14 determines that its own station 
is not permitted to be placed in the retransmission con- 

10 trol, the retransmission request control unit 15 is disa- 
bled. In this case, if error of received packet, namely ; 
loss of packet is detected, the controller 12 retains the 
packet serial number SN of the questioned packet. 
When the packet having the same serial number SN as 

15 'that of the erroneous packet is retransmitted in re- 
sponse to a retransmission request made by another 
mobile station and is then received by the present mo- 
bile station, the multicast information is corrected by us- 
ing the retransmitted packet and is then supplied to the 

20 output unit 13. 

[0077] According to the present invention, only mobile 
stations that are permitted to be placed in retransmis- 
sion control are involved in retransmission of multicast 
information. Thus, congestion in the radio section can 

25 be reduced. 

[0078] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

30 [0079] The present application is based on Japanese 
priority application no. 2000-112700 filed on April 13. 
2000, the entire contents of which are hereby incorpo- 
rated by reference. 
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Claims 



A retransmission control method in a multicast serv- 
ice providing system in which an information deliv- 
ery apparatus delivers multicast information to radio 
terminals within a service area of the information 
delivery apparatus, said method comprising: 

(a) determining at least one radio terminal per- 
mitted to be placed in retransmission control; 
and 

(b) delivering, when a request for retransmis- 
sion concerning the multicast information sent 
by said at least one radio terminal is received 
by the information delivery apparatus, the mul- 
ticast information to the radio terminals within 
the service area. 



2. The retransmission control method as claimed in 
55 claim 1 , wherein: 

the step (a) comprises a step of determining, at 
the information delivery apparatus, said at least 
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one radio terminal; and 

the retransmission control method further com- 
prises a step of notifying said at least one radio 
terminal that a request for retransmission is 
permitted. 

3. The retransmission control method as claimed in 
claim 1 . wherein the step (a) comprises a step of 
determining, at each radio terminal, whether its own 
terminal is permitted to be placed in retransmission 
control. 

4. The retransmission control method as claimed in 
claim 1 , wherein the step (a) determines a plurality 
of radio terminals to be placed in retransmission 
control. 

5. The retransmission control method as claimed in 
claim 1 , wherein: 

the step (a) comprises a step of grouping radio 
terminals in the service area on the basis of 
unique information assigned to the radio termi- 
nals; and 

the step (a) determines at least one radio ter- 
minal on the basis of grouping radio terminals. 

6. The retransmission control method as claimed in 
claim 1 , wherein the step (a) determines at least one 
radio terminal on the basis of a quality of communi- 
cations between the information delivery apparatus 
and each of the radio terminals. 

7. The retransmission control method as claimed in 
claim 1 , wherein the step (a) determines at least one 
radio terminal on the basis of distances between the 
information delivery apparatus and the radio termi- 
nals. 

8. The retransmission control method as claimed in 
claim 1 , wherein the step (a) determines at least one 
radio terminal on the basis of directions of the radio 
terminals from the information delivery apparatus. 

9. The retransmission control method as claimed in 
claim 1 , wherein the step (a) determines at least one 
radio terminal on the basis of moving speeds of the 
radio terminals. 

10. The retransmission control method as claimed in 
claim 1 . further comprising a step of changing said 
at least one radio terminal to another radio terminal 
on the basis of status of retransmission requests. 

11. The retransmission control method as claimed in 
claim 1 , further comprising a step of changing said 
at least one radio terminal to another radio terminal 
when said at least one radio terminal terminates re- 



ception of the multicast information. 

12. An information delivery apparatus delivering multi- 
cast information to radio terminals located within a 

5 service area via a radio section, said comprising: 

a first unit determining at least one radio termi- 
nal permitted to be placed in retransmission 
control; and 

10 a second unit delivering, when a request for re- 

transmitting the multicast information sent by 
said at least one radio terminal is received, the 
multicast information to the radio terminals 
within the service area. 

15 

13. The information delivery apparatus as claimed in 
claim 12, wherein thefirst unit determines a plurality 
of radio terminals to be placed in retransmission 
control. 

20 

14. The information delivery apparatus as claimed in 
claim 12, further comprising a third unit changing 
said at least one radio terminal determined by the 
first unit to another radio terminal on the basis of 

25 retransmission requests. 

15. The information delivery apparatus as claimed in 
claim 14, further comprising a fourth unit managing 
status of retransmission requests sent by radio ter- 
se minals placed in the retransmission control, 

the third unit changing said at least one radio 
terminals on the basis of the status of retransmis- 
sion requests managed by the fourth unit. 

35 16. A radio terminal receiving multicast information 
from an information delivery apparatus via a radio 
section, said radio terminal comprising: 

a first unit determining whether its own terminal 
40 is placed in retransmission control: and 

a second unit requesting retransmission con- 
cerning the multicast information which has not 
been duly received in a case whether the first 
unit determines its own terminal to be placed in 
45 retransmission control. 

17. The radio terminal as claimed in claim 16, wherein 
the first unit determines whether its own terminal is 
placed in retransmission control on the basis of giv- 

50 en information sent by the information delivery ap- 
paratus. 

18. The radio terminal as claimed in claim 16, wherein 
the first unit determines whether its own terminal is 

55 placed in retransmission control on the basis of a 
quality of communications with the information de- 
livery apparatus. 
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The radio terminal as claimed in claim 16, further 
comprising a third unit which corrects the multicast 
information by part of the multicast information sent 
by the information delivery apparatus retransmitted 
in response to a request for retransmission by the 5 
second unit when the first unit determines that its 
own terminal is placed in retransmission control and 
which corrects the multicast information by part of 
the multicast information sent by the information de- 
livery apparatus transmitted in response to a re- 10 
quest for retransmission by another radio terminal 
when the first unit determines that its own terminal 
is placed out of retransmission control. 
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